THE present year is the eightieth anniversary of the passing of the first compulsory vaccination Act for England and Wales, in the preparation of which our parent society played a very important part. In introducing the Vaccination Extension Bill into the House of Lords on April 12, 1853, Lord Lyttleton stated that:
" For almost all the information he had to lay before their Lordships, having no scientific knowledge of the subject himself, he was indebted to some able and learned persons belonging to the Epidemiological Society-a new society among whom the leading members were Sir Benjamin Brodie, Dr. Bright, and Dr. Southwood Smith" (Hansard, 1853 (Hansard, , cxxv, 1002 .
Lord Lyttleton's information had been derived from a report drawn up by a committee of the Epidemiological Society of London and entitled "Report on the State of Smallpox in England and Wales and other Countries and on Compulsorv Vaccination." The report contained a summary of vaccination laws and the mortality of smallpox in various countries, proofs of the neglect of vaccination in England and Wales, and demonstration of the consequences of this neglect. In conclusion the suggestion was made that vaccination should be made compulsory in some form or other within three or four months of birth, and that the registration of births should be the foundation of the machinery for every vaccination. In the committee which drew up the report the best known men were J. F. Marson, physician to the London Smallpox Hospital, and author of several valuable articles on smallpox, and Edward C. Seaton, the honorary secretary, who became president of the Society in 1869, and in 1875, as first assistant medical officer of the Local Government Board, published an important paper entitled " The Recent Epidemic of Smallpox in the United Kingdom, in its Relation to Vaccination and the Vaccination Laws," to which DENC.-EPID. 1.
I shall frequently refer. The report was first presented to the President and Council of the Epidemiological Society on March 26, 1853, was immediately forwarded to the Home Secretary and was ordered to be printed by the House of Commons on May 3 and by the House of Lords on June 27 (Seaton, 1868) . Lord Lyttleton's Bill passed through both Houses of Parliament withoait any opposition, and ten years later compulsory vaccination laws were passed for Scotland and Ireland also. The vaccination law of 1853 enacted that vaccination should be performed at an earlier age, namely, within three or four months of birth, than that required in any foreign country. Although the United Kingdom suffered severely in the pandemic with which I shall deal to-night, the incidence and fatality would bave been considerably higher had it not been for this law, the provisions and working of which, as Seaton points out, conferred on the United Ki-ngdom a position entirely different from that which it had held at the time the Society's report was presented. Seaton remarks that though the Act of 1853 was to a considerable extent an experimental Act, and was very imperfect in its provisions, there was abundant evidence of its having been largely effective. The smallpox deaths under 5 years of age which had hitherto formed 75% of the smallpox deaths at all ages fell in a few years to 55, while the proportion of deaths at this age in Scotland and Ireland still remained at 75% until compulsory vaccination was introduced by law in 1863. Moreover, during the year following the enactment of the 1853 law the number of infantile vaccinations more than doubled, and more than 300,000 vaccinations over the age of 1 year were also carried out (Seaton, 1868) .
The Act of 1853 was followed by the Act of 1867 which empowered Boards of Guardians to appoint vaccination officers, this appointment being made compulsory by another Act in 1871.
Many years ago in an article on " The Epidemiology of Smallpox," published in a special vaccination num-ber of-the British Medical Joutrnal during the last great London epidemic, the first president of this Section remarked that a complete account of the pandemic of 1870-72 was still a desideratum. In the present address, though it makes no claim to satisfy Sir Arthur Newsholme's demands, I have tried to survey the principal events connected with the most formidable outbreak of smallpox which had occurred since the introduction of vaccination. While a brief account will be given of the pandemic in various countries on the Continent, most of my time will be devoted to a description of its behaviour in this country and particularly in London.
My choice of the subject was determined not only by the interest which a former President of the Section of the History of Medicine takes in the past, but also by the fact that in 1901 and 1902 I had the good fortune, as one of the late Dr. Wanklyn's assistants, to see a good deal of the most severe epidemic of smallpox that had visited London since 1871. Faithful to the traditions of the Epidemiological Society (worthily maintained by this Section) of which, in the words of its most illustrious opponent, vaccination was " its first love and the solace of its later years," I have undertaken the study of an epidemic of smallpox which more forcibly than any other inculcates the value of vaccination and revaccination. Speaking as one who is a clinician rather than an epidemiologist, I feel convinced that had Creighton, to whose scholarship we are so much indebted, had any clinical experience of a severe smallpox epidemic he would not have maintained his hostile attitude to vaccination, particularly in his treatment of the pandemic of the early seventies.
It is important to realize at the outset that though the spread of the disease throughout Europe was facilitated by the events connected with the Franco-Prussian War of 1870-71, smallpox was already present in several European countries, particularly France, Holland and Belgium before the outbreak of hostilities (Gins) .
France.
-The pandemic appears to have originated during the last quarter of 1869 in France where it broke out in the North-West (Brittany), the North-East (Aisne and Pas de Calais) and the South-East (Gers, Ariege and Pyren6es Orientales).
During the year no less than 4,164 deaths in France were due to smallpox. The disease continued to spread during the winter of 1869-70, so that by the end of 1870 the whole country was affected. During the first few months of 1870 some of the large towns were attacked, especially Orleans, Bordeaux, Lyons and Bourg (Colihn).
In Bordeaux which in 1870 had 195,000 inhabitants, 9 to 10 persons died daily of smallpox in June and July, 1870 (Kubler). Before the declaration of war on July 15, 1870, the departments chiefly affected were Morbihan, Ille et Vilaine, Vaucluse, Ard6che, Ni6vre, and Haute Sa6ne. In Paris the-epidemic first attacked the civilian population, as the Army before the outbreak of war consisted of soldiers who were on the whole protected by vaccin%tion and revaccination (Laveran). The epidemic, however, lasted longer in the Army than in the civilian population (Colin) .
During the period 1860-69 the monthly smallpox deaths in Paris until December 1869 were always below 100, except in October 1861 when they numbered 113, and during the winter of 1865-66, when they ranged between 111 and 148. In 1869, the deaths which had been 39 in October rose in November to 93, and in December to 113, while in 1870 the smallpox mortality in Paris was ten times as high as it had been in previous years. So alarming indeed had the increased prevalence of smallpox become that on May 25, 1870, or nearly two months before the declaration of war, a conference was held in Paris to decide the best means of controlling the spread of the disease (Gaz. d. h6p., 1870, xliii, 245) .
It is well at this stage to consider the vaccination state first of the civilian population in France, and then of the Army. According to Prinzing, during the period 1860-69, only 59% of the infants born in France were vaccinated and at the outbreak of war about one-third of the French population were unvaccinated and in many departments such as Aveyron and Corsica as much as four-fifths. The natural result therefore was that the smallpox mortality among the infantile population during the epidemic was very high. In Paris, out of a total of 10,331 deaths from smallpox during the years 1870-71, 213 were in the first month of life, 151 in the first to second month, 107 in the second to third, 290 between three and six months, 397 between six and twelve months, or a total of 1,158 deaths in children under one year (Vacher) . The total number of deaths from smallpox in France during the epidemic is estimated by Borne at 60,000 but Vacher regards even 89,954 deaths as an under-estimate.
French Army.-For some years prior to the outbreak of the Franco-Prussian war there had been a gradual increase in the incidence of smallpox in the French Army, in which vaccination and revaccination were being carried out in a very slovenly fashion. Although the French War Office in 1859 had ordered the vaccination of all recruits on entering the Service, this order was by no means strictly enforced, as during the years 1866-69 only 37 to 49% of the primary vaccinations and 32 to 35% of revaccinations were successful. It is not surprising therefore to find that in 1868 the number of smallpox cases in the Army was three times that of the preceding years, viz., 6-5 per thousand in 1868 as compared with 2-2 in 1866 and 2.3 in 1867 (Colin) .
After the outbreak of war the recruits, owing to lack of time, were not vaccinated at all, and as the result of the severe initial losses formed nearly two-thirds of the Army in the later months of the campaign. A vast amount of susceptible material was thus provided, and resistance to infection was considerably lowered by the stress and privations of active service and the general misery associated with an unsuccessful campaign. According to Perilman in a recent Paris thesis, the total number of smallpox cases among the 600,000 French soldiers mobilized in 1870-71 was 125,000, of whom 23,470 died-a fatality rate of 18.7%. Although the Paris Army suffered most severely from the disease, the provincial armies were also considerably affected, particularly the troops organized to relieve Paris. According to Prinzing, Orleans, Chartres and Le Mans were the main centres, in the north the principle foci were Amiens, Bois Guillaume and Rouen, and in the south the fortresses of Belfort and Langres, and the towns of Dijon, Besangon and Pontarlier. In no place, however, did the disease last longer than in Paris or require such extensive hospital accommodation as was provided at Bicetre in the outskirts of the metropolis, where in the course of four months almost as many cases were admitted as to the London Smallpox Hospital in twenty years, i.e., about 7,000 (Colin) .
Moreover, the unusual severity of the disease was shown bv the fatality rate in 1870-71 at Bicktre being 14-6% as compared with a death-rate of 5 to 6% in the Army in non-epidemic years and one of 5A43% in the German Army during the pandemic. Hemorrhagic forms of smallpox were particularly frequent and were attributed by Briquet to poor nourishment and life in the trenches during the winter.
Although ha3morrhagic smallpox was frequent at Bicetre as elsewhere during the pandemic, we have the authority of Colin for stating that the ha=morrhagic phase was not a sudden development. Black smallpox had been relatively frequent in the winter of 1869-70, both in the provinces and in Paris. It was not, however, until the end of November that hemorrhagic smallpox became exceptionally frequent, 130 cases being admitted to the Bicetre hospital in the month of December 1870 alone.
In spite of the severity of the disease in the Army, the fatality rate was considerably lower than in the civilian population. At Bic6tre for example it was 14x6% as compared with 19% in the civilian population before, and 35% during, the siege of Paris. This lower fatality appears to have been due to the fact that revaccination though by no means generalized was at all events commoner in the Army than in any other class of the community, and secondly to the fact that at least nine-tenths of the soldiers were under 30 years of age and therefore more likely to be still protected to some extent by their primary vaccination than the elderly patients admitted to civilian hospitals. In spite of the severe losses sustained by France as the result of the neglectof vaccination, it was not until the year 1902 that vaccination was made compulsory in the first year of life and revaccination in the eleventh and twentyfirst years. In the case of war, public calamity or a threatening epidemic vaccination or revaccination was made compulsory at any age for those who could not show that they had been successfully vaccinated or revaccinated during the last five years. The result of this law, which was strictly enforced, was, as Teissier has shown, that during the five years of the Great War the French Army, exclusive of the Colonial troops, among whom there were 44 cases, had only 26 cases of smallpox. Teissier states that if smallpox had occurred on the same scale in 1914-18 as in 1870-71 there would have been nearly 1,200,000 cases with more than 200,000 deaths in the French Army alone.
England and Wales.-Until towards the end of 1870 the pandemic had been mainly confined to France. In England it did not assume considerable proportions until the last quarter of 1870, when there was a considerable incursion of refugees from France, but there had been a gradual increase in the incidence of the disease for some time previously. Munk and Marson, the two principal contemporary authorities on smallpox who were on the staff of the Highgate Smallpox Hospital, considered that the epidemic began in November 1869. They give figures showing that the number of admissions to their hospital rose from August 1869, when the disease was sporadic only, the numbers for the following quarters up to October 1870 being as follows: 93, 182, 222, 337 and 341. According to Farr (Thirty-fourth Ann. Rep. Reg. Gen., p. 221), the weekly deaths from smallpox in London had been only two in the fifteenth week of 1870, between the twenty-seventh and thirty-ninth week they ranged from 9 to 15, in the next five weeks from 13 to 27, then suddenly rose to 40 in the forty-fifth week, and in the last week of the year to 110.
In England the epidemic was at first almost confined to London and Liverpool which together contributed 879 to the 1,229 deaths in England for the last quarter of 1870 (Seaton) . The mining districts of North England and certain parts of South Wales were the next to become attacked, and the smaller outbreaks in the country were traceable to these four centres of infection. In 1871 the epidemic spread rapidly and by the second quarter of the year nearly every one of the eleven registration divisions of the United Kingdom had been affected. The climax of the epidemic in this country was reached in the first quarter of 1872, when 7,720 fatal cases were registered in England and Wales (Thirty-sixth Ann. Rep. Reg. Gen., 1875, p. 46) . Subsequently there was a steady and rapid decline, the numbers of deaths from the disease registered in the last quarter of 1873 being only 277, which, according to the Registrar General's report for that year, was probably the smallest number that had occurred in any quarter since the beginning of the century. In England as in all the other countries attacked, the epidemic was characterized by the remarkable frequency of malignant and hwemorrhagic cases, although according to MacCombie the frequency of haemorrhagic smallpox was greater in the epidemic of 1876.
Although this epidemic of smallpox was one of the severest on record in this country, the annual average death-rate in prevaccination times was more than three times the death-rate of the epidemic of the seventies. Seaton illustrates this statement by the fact that the estimated annual smallpox death-rate in England in theeighteenth century was 3,000 per million of the population, while the mean annual death-rate of the 1871-72 epidemic was 928 per million, being 1,024 in 1871 and 833 per million in 1872. A comparison of the mortality of the 1870-73 epidemic with the previous great epidemic of the century in 1837-40 shows that the proportionate mortality of the later epidemic was less than two-thirds of the mortality of the 1837-40 epidemic.
On the other hand the severity of the 1871-72 epidemic can be estimated by the fact noted by Farr that whereas the mean annual mortality per 10,000 in England and Wales during the twenty years 1850-69 was at the rate of 2 04, in 1871 it was 10-24 and in 1872 8-33 (Thirty-fifth Ann. Rep. Reg. Gen.). I would also emphasize the fact mentioned by Seaton that in none of the European countries during the pandemic was the rate of mortality from smallpox so low as in the United Kingdom. The death-rate in Prussia during 1871 was considerably more than twice as great, while the death-rate in Holland was three times as great as that in England. As might be expected, the smallpox mortality varied considerably in the different registration districts of England and Wales. In spite of the proximity to London, where the mortality was the highest but one, the South Eastern district with a mortality of 0-46 per thousand of population and the South Midland with a mortality of 0-51 per thousand, suffered least, whereas the Northern division which comprised the counties of Durham, Northumberland, Cumberland and Westmorland suffered most, as shown by a mortality of 2f36 per thousand. Next came the Metropolis (1-48) and the Welsh division (1-13). In the Welsh division the excess of mortality was due to the mining districts of Monmouthshire and South Wales, the mortality in North Wales being much below the average. In the West Midland division which comprised the counties of Gloucestershire, Herefordshire, Staffordshire, Worcestershire and Warwickshire, the mining county of Staffordshire contributed in 1871 considerably more than half and in 1872 nearly two-thirds of the deaths from smallpox (Seaton) . The smallpox mortality of the epidemic in the chief towns of England during 187.1-72 is given by Seaton as follows. Sunderland headed the list with a mortality of 8-6 per 1,000 of population in 1871 and 0 54 in 1872, then came Norwich (3 04 per 1,000 in 1871 and 3-9 in 1872), Wolverhampton (4-14 in 1871, 2-6 in 1872), Newcastle-on-Tyne (5.4 in 1871, 1-03 in 1872) followed at some interval by Portsmouth (0.34 in 1871, 4-39 in 1872), Sheffield (1'68 in 1871, 2-42 in 1872), and Nottingham (1-65 in 1871, 2-32 in 1872). The lowest annual average was in Leicester, where it was 1 6 per thousand for the two years. The total number of smallpox deaths in England and Wales during the quinquennium 1870-74 was 69,018, the rate per 100,000 living being 11-3 in 1870, 101-2 in 1871 , 83,1 in 1872 , 9-8 in 1873 , and 8-8 in 1874 (Min. Health Rep. Public Health and Med. Subjects, 1921 . The mortality in the London area will be discussed later.
In addition to the lower fatality which I have mentioned and the change in ageincidence with which I shall deal later the epidemic of the early seventies in England showed three striking differences from the great epidemic of 1837-40 which Creighton sets forth as follows: " It was a more sudden explosion destroying about the same number in two years (in a population increased between a third and a half) that the epidemic a generation earlier did in four years. It was an epidemic of the towns and the industrial counties, more than of the villages and the agricultural counties; it was an epidemic of London more than of the provinces.
London.-The first fever hospital in London was opened in Gray's Inn Lane in 1802 under the name of the " House of Recovery," after the example of several provincial towns, but London did not possess any public hospital for infectious diseases at the onset of the 1870 epidemic. It is true that a smallpox hospital had been established at King's Cross in 1746 and was replaced in 1815 by the London Fever Hospital which had been moved from its original site in Gray's Inn Lane, the smallpox hospital being removed to Highgate where it remained until 1896, when it was finally shifted to Clare Hall, Barnet. In 1848 when the ground was required by the Great Northern Railway the London Fever Hospital was removed to Islington (Parsons). Both the London Smallpox Hospital and the London Fever Hospital, however, though charitable institutions, required payment from patients, though the expenses of a certain number were defrayed by the guardians. Fever cases including smallpox were also admitted into general hospitals and workhouse infirmaries. At the time of the epidemic in 1870 there were therefore no public fever hospitals in use, though under the Metropolitan Poor Act of 1867 an order had been made to provide for the reception of fever cases, including smallpox, and three hospitals at Hampstead, Homerton and Stockwell respectively were nearing completion. At the commencement of the epidemic the principal accommodation for smallpox was at the Highgate Hospital which contained only about 100 beds. This supply was exhausted in October 1870, and new patients had at first to remain in their own homes or were admitted to infirmaries. On December 1, 1870, the Hampstead Hospital subsequently known as the North Western'Fever Hospital, which had been first used by the Metropolitan Asylums Board in the previous January for relapsing fever, was re-opened with a further supply of 150 beds. On January 5, 1871, accommodation on the same site for another seventy patients was provided by the erection of an iron shed from the grounds of the London Fever Hospital, and additional accommodation was subsequently made in the form of wooden huts and marquees. Permanent hospitals were also opened at Stockwell in January and at Homerton in February 1871. An old battleship named " The Dreadnought," moored in the Thames off Greenwich was made to serve as a convalescent hospital for male patients and from March 13 to October 14, 1871, the old workhouse at St. Mary's, Islington, was similarly used for over 300 female convalescents. The accommodation on " The Dreadnought " was at first for 200 patients and was subsequently increased to 250 and later to 300 beds (Med. Times and Gaz., 1871, i, 634 According to Farr (Thirty-fourth Ann. Rep. Reg. Gen., 1873, 220-1) the deaths of the unvaccinated in the London hospitals were 45%, which was double the mortality in private practice. Moreover, in vaccinated persons suffering from smallpox the mortality in hospitals was 10% as compared with 3% in cases treated in their own homes. The transport of patients, many of whom were gravely ill, from their homes to hospital left much to be desired. It was not indeed until at least ten years later that the land ambulance service of the M.A.B. was even partially organized. The following vivid description of the state of affairs existing at the time of the 1870-72 epidemic is taken from a paper by two prominent members of the Board, Surgeon General Bostock and Sir Vincent K. Barrington: " The duty of the removal of patients rested on the several boards of guardians, and the methods adopted by these bodies differed in important details. The vehicles were in some instances the property of the guardians, in others of the vestry or district board, and in others again were hired for the occasion. They were defective in construction and unsuitable for the safe transport of persons prostrate with disease. In many instances the carriages after use were housed in a manner most objectionable and dangerous to the public health, as for example when a carriage, after being used for removal of a smallpox case was placed in a job master's yard surrounded by other carriages. Frequent complaints were made of the carriages carrying patients to hospital stopping at public houses, into which the drivers and patients' friends went for refreshment. Moreover, difficulty was frequently experienced in obtaining a carriage when required and the delay thus caused increased the danger of the spread of the disease. Nurses to accompany the sick were seldom provided; in most cases the patients travelled alone, and occasionally reached the hospital in a dying condition. Sometimes they were accompanied by friends, not always sober, who returned home in public conveyances."
The danger of a smallpox hospital to the inhabitants in the neighbourhood, which formed the subject of Power's classical report to the Local Government Board in connection with t'le Fulham Smallpox Hospital in the next decade, was emphasized by several persons in the 1871-73 epidemic in London, and by none more forcibly than the writer of an editorial in the Lancet, 1871 (i), 629, as follows:
"It is almost impossible to resist the complaints of persons who are residing in close proximity to the mass of contagious material which is now being accumulated in the smallpox hospital. Complaints are made at Hampstead where it is stated that several fatal cases have occurred in close proximity to the hospital. Similar complaints have been made at Stockwell, where 630 patients are now located in a space of ground originally intended for the accommo-dation of less than half that number. In Liverpool the residents near the workhouse hospital at Toxteth have brought forward very substantial evidence of the disease having extended from the temporary smallpox wards to the neighbouring houses. We have repeatedly condemned the aggregation of such large numbers of smallpox patients under one roof, and we venture once more to state that no hospital for the treatment of acute cases of smallpox should be permitted to take in more than 100 cases and that no convalescent hospital should treat luore than 300."
On the other hand, Dr. Stevenson, the Medical Officer of Health for St. Pancras, stated that he was unable to trace any connection between the existence of smallpox in Kentish Town and the Hampstead Hospital or the Fleet sewer leading therefrom. The district, he said, was thoroughly infected with the disease long before the hospital was opened for smallpox cases, and as the number of patients in the hospital increased, smallpox diminished in Kentish Town, subsequently increasing as the number of patients in hospital decreased (M.A.B. Minutes, 1872-73, vi, 262, 267) .
Dr. A. Collie, the Medical Superintendent of the Homerton Hospital, also pointed out that during the period, February-July, 1871, no cases of smallpox occurred in the City of London Infirmary, which stood at a distance of about 90 ft. from the westmost pavilion of the hospital, although at that period cases of smallpox had been admitted to that hospital. Moreover, from October 1, 1871, to the end of 1874, 3,178 cases of smallpox were treated in the smallpox division of the Homerton Hospital simultaneously with 2,611 cases of fever and other diseases in the fever department of the same hospital, without any case of smallpox arising in the fevei department. Similarly, Dr. Chalmers states that careful inquiry made by Gairdner and Russell in 1872 as to any relationship between the Parliamentary Road Smallpox Hospital at Glasgow and an agglomeration of cases in the neighbourhood resulted in a verdict of non-proven. In spite of the medical evidence, however, a suit was brought by Sir Rowland Hill, whose house adjoined the North Western Hospital, against the Metropolitan Asylums Board in 1879, and after eleven days' trial the jury decided that the hospital was a nuisance, that the defendants during the epidemic of 1871-72 did not use proper reasonable care with reference to the plaintiff's rights or with respect to the ambulances (Brit. Med. Journ., 1879 (ii), 895). An appeal by the Board was unsuccessful, and for over three years (May 1879, to November 1882) the hospital remained closed, an agreement being finally reached by the purchase in 1883 of Sir Rowland Hill's property.
As regards the mortality in the Metropolitan unions it was highest in the East End (Bethnal G1reen having 5,462 deaths per million population, Shoreditch 4,860, Hackney 4,290, PoplaSr 3,645, and Whitechapel 3,369) and lowest in the south-west and south-east (Lewisham 737, Westminster 1,329, Woolwich 1,499, Greenwich 1,630, and St. Giles 1,979). Seaton draws attention to the fact that Bethnal Green which was notorious for its neglect of infantile vaccination, was the only Metropolitan union in which the proportion of deaths under 5 years of age remained at the average of the period preceding the Act of 1867 which had reinforced the Act of 1853. In all the other unions there was a striking reduction in the proportion of smallpox mortality among young children as compared with that before 1867. The total number of deaths from smallpox in London during theiquinquennium, 1870-74, was 10,841, the rate per 100,000 living being 30 in 1870, 242 in 1871, 54 in 1872, 3 in 1873 and 2 in 1874 (Min. Health Rep. Public Health and Med. Subj., 1921, No. 8) .
According to Fox, the highest number of weekly deaths from smallpox in London viz., 288, was reached at the beginning of May 1871, when the epidemic had lasted just six months. At the end of June the number suddenly declined until in October and November it had come down to 60. The second maximum occurred in December when the weekly number of deaths was 106. The fatality as well as the incidence of the disease then gradually declined, until in August, 1872, the average amount of smallpox deaths was reached and the epidemic terminated after a duration of 22 ninety-three weeks. The case fatality was unusually high. According to Letheby it was 19% of the cases admitted to the Upper Holloway Hospital, 18-2% of the Stockwell admissions and 19-8% of the Homerton cases, the average for the whole of the cases treated in the M.A.B. Hospitals being 19-1%. On the other hand, in ordinary times the death-rate at the London Smallpox Hospital ranged only from 12-9% (1864) to 17% (1863), the average rate for many years being 14-3%.
As regards the difference of mortality in the two sexes, the returns of the M.A.B. hospitals for 1870-72 show that the percentage of deaths in males (19-50) was higher than that in females (17-64), this difference being attributed to extra wear and tear undergone by men, their more irregular habits and the fact that their occupations brought them more in contact with the disease. The difference in the incidence and fatality of the disease in the two sexes was much more pronounced in adults than in children. Up to 20 years of age the number of cases for the period 1870-72 was 4,112 in males and 3,803 in females, while the death-rate was nearly the same, viz., 17-9% for males and 17-6% for females. In a paper read before the Epidemiological Society on the various factors influencing the mortality in smallpox and based on the study of 6,221 patients admitted during this epidemic to the llampstead Hospital, of which he was medical superintendent, Grieve stated that sedentary employments, such as those of clerks, tailors and salesmen, contrary to what might have been expected compared favourably with the others. The highest mortality he found occurred in occupations in which dissipated habits prevailed, such as those of cabmen or barmen, or in which the patients had been exposed to a continuous high temperature such as those of blacksmiths, cooks and laundresses. Grieve specially emphasized the prejudicial effect of chronic alcoholism and regarded the likelihood of recovery in an imperfectly vaccinated hard drinker as small. The comparative fatality among the vaccinated and unvaccinated in this country and abroad will be considered later.
Scotlanzd.-Both Scotland and Ireland suffered later and less severely from the epidemic than England and Wales, the maximum mortality in the first two countries not being reached till 1872, whereas in England the peak was in 1871. The mortality from smallpox in Scotland which the epidemic reached in 1871 was highest in Edinburgh, Leith, Glasgow and Dundee. The total number of deaths in the country during the period 1871-74 amounted to 6,262, the mortality in the years 1871, 1872, 1873 and 1874 being 42, 71, 33 and 37 per 100,000 respectively (Ann. Rep. Req. Gen. in Scotland).
As regards Glasgow, which was much less affected than Edinburgh, Chalmers has pointed out that whereas in the period 1855-57 when vaccination was optional, 89% of the deaths from smallpox occurred among children under 10, in the period 1870-72, or six years after the introduction of compulsory vaccination into Scotland, when 85% of the children born were being vaccinated, the proportion of deaths under 10 fell to 38%, and under five years from 85 to 26%. On the other hand, among the older children the majority of whom had been born before the compulsory vaccination Act had become operative, the proportion of deaths rose from 4 to 12%.
Dundee was remarkable in having the highest proportionate infantile mortality from smallpox, viz., 28% under 5 years of age, but, as Seaton points out, this was little more than a third that which occurred in Berlin and not very much more than a seventh of that in Leipzig. Generally speaking it was the more thorough vaccination in early infancy which was the cause of the comparatively low smallpox mortality in Scotland during the pandemic.
Ireland.-In Ireland the epidemic first appeared towards the third quarter of 1871 and lasted till the second quarter of 1873 (Seaton) . The total number of smallpox deaths in the country during the two and a half years was 4,292, of which 665 occurred in 1871, 3,248 in 1872, and 379 in 1873. The heaviest mortality was. in Dublin and Cork. The deaths in Dublin were 1,557 or at a rate of 5 per thousand of population, which exceeded that of any large English town, except Sunderland, Norwich, Wolverhampton and Newcastle-on-Tyne. The deaths in Cork amounted to 1,873, a rate of 9 6 per thousand of population, which was higher than that of any large town in England (Seaton) . According to T. W. Grimshaw, senior physician to the Cork Street Fever Hospital, Dublin, the fatality at the three Irish hospitals, Cork Street, and Hardwicke (Dublin) and the Cork Hospital was higher than in the London hospitals, being 21-6, 20 and 22-5% respectively.
Germany.-According to Prinzing, in the summer of 1870 Germany was almost free from smallpox, and at the time of the outbreak of war Chemnitz in Saxony was the only place where there was a severe epidemic of the disease. Elsewhere there were only isolated cases in the various Federal States in June and July 1870. With the entrance of French prisoners into German territory a sudden change took place. Among the first towns to suffer were Konigsberg, Graudenz, Thorn, Danzig, Stettin, Stralsund, Schneidemuhl, Swinemimnde, Frankfurt-on-the-Oder, Magdeburg, Muhlhausen and Miinster, which had all been free from smallpox for months, or had only had sporadic cases (Kubler). Infection took place owing to the active interest inthe new arrivals shown by the civilian population who thronged the railway stations and prison camps, conversed with the prisoners with whom they exchanged clothes and entered into various commercial and friendly relations. The reason for the rapid spread of the disease was that unlike the Army the civilian population were very inadequately protected by vaccination either because no vaccination laws existed, as in Prussia and Saxony, or as in Bavaria, Hesse, Baden and Wurtemburg only primary vaccination was required by law, revaccination not being made compulsory in any State until the Imperial Vaccination Law of 1874. The protection, however, afforded by primary vaccination in South Germany resulted in the fatality in the South German States being much less than in Northern Germany, as is shown by the following table taken from Prinzing (1931, 649- Jochmann illustrates the benefit which Bavaria derived from compulsory primary vaccination by the fact that while the total number of deaths from smallpox during the period 1870-74 was 9,174 in Bavaria with a population of five million inhabitants, during the same period in Berlin with a population of 900,000 the number of smallpox deaths was 66,538. Thus four times as many smallpox patients died in Berlin as in Bavaria. On the other hand, although Bavaria was generally regarded as the best vaccinated country in Europe, owing to the care with which infantile vaccination was carried out, the inability of primary vaccination to protect an adult population from smallpox was shown by the fact that in 1871 Bavaria had 30,742 cases of smallpox, 95% of whom had been vaccinated, with 4,748 deaths.
In Germany, as elsewhere during the pandemic, the disease was characterized by a peculiar malignancy and in particular by the frequency of h8emorrhagic cases. Wunderlich states that whereas during the previous eighteen years the smallpox mortality at Leipzig had been only 4-25%, in the 1871-72 epidemic it was nearly 14X7%. It is noteworthy that Leipzig was a town where the anti-vaccinationists had been remarkably active and successful in their campaign prior to the outbreak of the epidemic. It is obvious from the above description that the civilian population of Germany suffered very heavily from smallpox during the epidemic, in striking contrast, as we shall see, with the Army which escaped comparatively lightly. The epidemic in Germany outlasted the war and the repatriation of the French prisoners for some time, and finally came to an end in 1874, after causing more than 170,000 deaths throughout the German Empire (Prinzing) .
The severity of the losses sustained by Germany during these five years led to the passing in April 1874, of a law applicable throughout the Empire which enacted that every child must be vaccinated within two years of birth and that revaccination should be performed in the twelfth year. The result of this law has been that no widespread epidemic has since occurred in the country, although there were limited outbreaks in North Germany during and immediately after the war.
German Army.-In striking contrast with the civilian population, the German Army in 1870 was remarkably well vaccinated, vaccination and revaccination having been made compulsory in 1835, though they were not always carried out with sufficient thoroughness. At the beginning of the war the Army was almost free from smallpox, the total number of cases in July 1870 being only seven. The cases, however, rapidly increased in number after French territory had been invaded and reached their height in January and February 1871, after which they began to fall. The incidence and fatality of the disease varied in different parts of the Army according to *their degree of exposure to infection. Official reports showed that troops employed in sieges as well as those in front-line positions, bivouacs, and deserted areas kept relatively free from smallpox, whereas the cases increased when the men had to shift their quarters frequently (Kubler). The troops fighting against the French Army on the Loire, and Bourbaki's forces in the south-west and southeast of France had an incidence of 7-8 per 1,000 strength, whereas the Army investing Metz had less than 0 5 per 1,000 attacked. The Bavarian Army, which was fighting on the Loire had a much higher incidence (1,128 cases and 56 deaths) than the Saxon contingent (262 cases and 29 deaths) which remained constantly before Paris and was less exposed to infection. The Hessian troops had the highest mortality, viz., 22 * 38 per 10,000 strength as they were first fighting on the Loire, and afterwards in the south-western theatre of war and were less efficiently vaccinated than the Bavarians. In the Prussian Army the Westphalian Corps suffered most with 282 cases (97 38 per 10,000) and 21 deaths, the cause for this being that they had had to escort the French prisoners captured in Metz where smallpox was rife (Kiibler).
The incidence of smallpox in the immobile home forces which consisted mainly of elderly men whose revaccination dated many years back, or of young men who had been vaccinated too late, was everywhere higher than in the field troops whose vaccination state was satisfactory. According to Colin, among the hundreds of German prisoners in Paris, only one was sent to the Bic6tre Hospital as a case of smallpox, and his attack was so mild that the diagnosis was doubtful, whereas among the 372,918 French prisoners in Germany, 14,178 contracted smallpox, and 1,963 or 13 8%, died (Kuibler).
During the whole epidemic the total number of smallpox cases in the German Army amounted to 8,463 cases and 459 deaths-a fatality of 5.43% (Jochmann).
Although the incidence and fatality of smallpox were much less in the German than in the French Army during the epidemic, infections such as enteric fever and dysentery levied a much heavier toll among the Germans than among the French (Immermann). This in itself is a sufficient reply to those who are inclined to attribute the lesser incidence of smallpox in the German Army not to its true cause, viz., better protection by vaccination, but to superior hygienic conditions. It is an equally mistaken idea to attempt to explain the disproportionately heavy losses from smallpox in the French Army by the mental and physical depression caused by repeated defeats and consequent diminished resistance to infection. For several DEC.-EPID. 2 * years before the war the mortality from smallpox had been much higher in the French than in the German Army, owing to the careless way in which vaccination and revaccination had been carried out. During the period 1866-69, there had been 380 deaths from smallpox in the French Army, of which 69 had occurred in 1869 alone, whereas only 77 deaths had been due to this cause in the Prussian Army during the 35 years following the introduction of compulsory vaccination in 1835.
Belgium.-Of the other European countries in which vaccination was not compulsory, Belgium was the first to stiffer, the infection being conveyed partly by refugees after the German invasion of France, and partly after the battle of Sedan, by more than 10,000 French soldiers who were interned in the Beverloo camp and citadel of Antwerp (Vacher) . Henceforward the disease spread throughout the country, causing a total of 35,931 deaths during the years 1870-1873, a poor reward, as Vacher remarks, for the Belgian hospitality.
Holland.-This country also paid a heavy tribute to smallpox during the pandemic. The disease first assumed epidemic form in Holland in November 1870, and then spread rapidly. In 1871 the total smallpox deaths amounted to 15,787, or 4 -3 per thousand inhabitants, of which 7,734 were in children under 5 years. In 1872 the epidemic began to decline, the deaths amounting to 3,731, or above 1 -3 per thousand of population, of which 1,662 were in children under 5. Seaton, from whom these figures are taken, points out that the smallpox rate in Holland in the year of the decline of the epidemic was as high as that of England when the epidemic was at its height. The provinces most affected were North Holland, South Holland and Utrecht, and the towns which suffered most were Utrecht, Rotterdam, Amsterdam and The Hague. Utrecht formed the centre of the epidemic, the spread of which was furthered not only by the unsatisfactory vaccination state of the inhabitants, but also by neglect to isolate those actually suffering from smallpox and by their premature discharge from hospital. In the Rijks Hospital in Utrecht, according to Kuibler, smallpox patients were treated in the general wards with the other patients. In the towns the mortality was twice as high as in the rural districts. It should be noted that not only was vaccination not compulsory until admission to the communal schools, but according to the official reports vaccination in the first years of childhood was shamefully neglected (Kubler).
Switzerland--in which vaccination was also not compulsory-became infected about the same time as Belgium, and in a similar manner as the result of interned French soldiers incubating or actually suffering from the disease being distributed throughout the cantons and the close intercourse between these men and the inhabitants. The western cantons were most exposed to infection (Prinzing) . The towns chiefly affected were Zurich, Basel, Bern and Geneva. The disease was mainly introduced by the entrance into Switzerland, in February 1871, and consequent internment of the remains of Bourbaki's army consisting of 11,533 men and 450 officers among whom there were numerous smallpox cases (Kiibler). The disease first appeared in Bern in September 1870. In the following December there were 39 enses, in January 1871, 204, in February 387, and in March 470 . The total number of cases in the canton from October 1870 to September 1873 was 2,748.
Basel was first attacked in November 1870. In 1871 it had 450 cases and 64 deaths, and in the following year about 100 cases and 13 deaths.
In the Canton of Zurich the population of which numbered 284,000, excluding 180 interned French soldiers, 412 per 100,000 inhabitants contracted smallpox during the period June 1870 to June 1872. Of these 923 were treated in hospital and 129 (13-9%) died.
Geneva also suffered from a severe epidemic (Kubler).
Italy.-As in several of the other European countries I have mentioned smallpox was already present in Italy before the outbreak of the Franco-Prussian war, particularly in Genoa, Turin, Florence and Milan, but a considerable increase in its incidence took place subsequently mainly as the result of the return of Garibaldi's volunteers who had been fighting for the French and had been infected with smallpox in the C6te D'Or. In Rome where smallpox first appeared in October 1871, 325 deaths from the disease occurred between October 10 and December 31, 1871, and 721 in 1872 (Prinzing) .
It should be noted that Italy did not have any vaccination law until 1888 when infantile vaccination and revaccination on entering school were made compulsory (Edwardes, 1896) .
Austria.-Prinzing has drawn attention to the fact that there was a very marked difference in the behaviour of the epidemic in Germany and East Austria. Whereas in Germany the whole country was attacked within a very short time, in Austria the progress of the disebse was much slower. Moreover, the epidemic was more fatal than in Prussia. It did not reach its height in the German provinces of Austria until 1872, and it then extended eastwards and southwards into Hungary and the Banat where it culminated in 1873 and finally came to an end in 1874 (Keller) .
Vienna and Prague were the towns in which the losses were heaviest. In Vienna there were 52-7 deaths per 10,000 inhabitants in 1872, and in Prague 39 7 per 10,000 in the same year (Prinzing) . According to Kiubler during the quinquennium 1870-74 there were 155,335 deaths from smallpox in Austria, of which 141,088 were in the last three years of that period. The losses from smallpox in the Austrian Army, which of course was not engaged in the war of 1870-71, were considerably higher than in the German Army-a further proof, if one were needed, that the fatigues and privations of war are not sufficient to cause a great increase in smallpox.
It is noteworthy in this connection that while the deaths from smallpox in the English Army during each of the years 1870-74 were 1, 23, 14, 1 and 0 per 100,000 of strength, the deaths in the Austrian Army during the same period per 100,000 were 17, 40, 101, 100 and 67 for the corresponding years (Edwardes, 1902) .
Immermann has noted that the lax vaccination and revaccination conditions in
Austria continued almost unchanged after the pandemic. According to Prinzing (1931, 496) it is only on admission to school that a vaccination certificate is required in that country.
Scandinavia.-Some time elapsed before the pandemic reached Scandinavia. In Denmark smallpox did not become widespread until 1872, when 1,220 cases with 86 deaths occurred between January and April (Prinzing) . The number of deaths for the whole kingdom was 108 in 1871 and 381 in 1872, of which 23 and 218 respectively were in Copenhagen alone (Seaton) . Of the 241 deaths which took place in Copenhagen 85 were in persons under 15 years of age.
In Sweden there had been an epidemic of smallpox during the years 1865-69. with the result that in 1870-72 the country was little affected, and it was not until December 1873 that the disease again appeared in epidemic form. In 1874 it caused 4,063 deaths, 1,206 of which were in Stockholm alone which had a population of about 150,446-a mortality of over 8,000 per million inhabitants. Edwardes (1896) attributes this enormously high rate in spite of compulsory vaccination having been introduced seventy years previously to the fact that Stockholm in which 49% of the children were unvaccinated was far behind the rest of the country in observance of the law. During the period 1873-1875 there were 7,204 deaths from smallpox in Sweden. Norway which was visited by an epidemic of smallpox simultaneously with Sweden in 1865-1868, when 6,620 cases occurred with 445 deaths (6-7%), was again attacked in the early 'seventies, but less severely than Sweden, only 2,235 cases with 275 deaths (11i 6%) being reported during the period 1870-1875 (Low).
Finland.-In Finland where there had been an epidemic in 1868 the smallpox mortality in 1870, 1871 and 1872 per 10,000 inhabitants was 1'3, 1'0 and 3-4 respectively, but during the next two years it rose to 45'6 and 50'1, falling in 1875 to 8'6, and in 1876 to 3'6 per 10,000 (Prinzing) .
As regards the other European countries, Seaton and Kiibler agree in stating that Russia, Spain and Portugal suffered severely, but do not supply any statistical information beyond the statement 'given by Seaton that between April 13, 1872, when smallpox was first officially notified, and June 24, 1873, 1,850 deaths were reported at St. Petersburg.
United States.-As the result of emigration the disease was carried to America, where 293 deaths from smallpox occurred in New York in 1870, and 805 in 1871 (Prinzing) . In Boston the epidemic was still more severe, as according to Webb 3,722 cases with 1,026 deaths-a fatality rate of 27 56%-were reported in that city between January 1, 1872, and May 1, 1873. Of 1,252 cases treated in hospital, 7 58% and a still larger proportion of those treated in their own homes were of the haemorrhagic type.
In his Presidential Address to the Epidemiological Society at the opening of the 1872-73 session, Inspector-General Robert Lawson drew attention to the recent prevalence of hamorrhagic forms of smallpox in Trinidad, as well as in this country, the Continent of Europe, the United States and Canada. He also alluded to the occurrence of smallpox epidemics in the island of Teneriffe in August 1870, and in Japan in December 1870, when the outbreak was very severe. Serious epidemics also occurred in 1871 on the Gold Coast, Bushire, Ceylon and the Straits Settlements, and in 1872 in San Francisco, Honolulu, Wellington, Melbourne and Santiago and Valparaiso in Chili, and in almost every district of South India. As, however, epidemics in these countries were frequent at all times the influence of the European pandemic on their occurrence cannot be proved.
Although this survey has contained several references to the comparative mortality-in the different countries of the vaccinated and the unvaccinated during the pandemic, it is well in conclusion to lay before you some further statistics. E. J. Edwardes (1902) Hospitals during the epidemic there were only four well-authenticated cases in which revaccination had been properly performed and these were slight attacks.
There appears to be little doubt that the incidence of the disease among the vaccinated would have been lower still if the operation had always been properly performed. At a meeting of the Epidemiological Society on March 8, 1871, the President, Dr. Seaton, dwelt on the imperfect, slipshod style of much of the vaccination that was done and expressed his belief that in the present epidemic we were paying the penalty for the loose method (Lancet 1871 (i), 350). I have previously referred to the slovenly way in which vaccination was carried out in the French Army.
In Germany the difference in the fatality rates of the vaccinated and unvaccinated was also very pronounced. According to McVail (1919) the mortality among the unvaccinated in the Berlin hospitals was 81.25%, and among the vaccinated 14%. Prinzing (1931) quotes Flinzer's figures at Chemnitz where there was a fatality rate of 0-7% among the vaccinated as compared with 9-2% among the unvaccinated. In the Leipzig hospitals, according to Wunderlich, out of 1,727 patients under treatment up to February 20, 1872, 139 were unvaccinated and had a mortality of 99 (71%) and 1,504 vaccinated, and showed a mortality of 116 (only 8%) while none of the 13 revac¢inated died. It is noteworthy that of 22 who had previously had an attack of smallpox six died. According to von Pastau in Breslau, which suffered severely in 1871-72, of 1,184 unvaccinated patients 484 (40 98%) died, while among 5,523 vaccinated there were 690 deaths (12-67%). In Bavaria out of 30,742 cases of smallpox 29,429 were vaccinated, and of these 3,994 died-a fatality rate of 13-8%, while among the 1,313 unvaccinated 790 died, of whom 743 were infants under 1 year, a fatality rate of 60-1% (Majer) . In Switzerland no vaccinated person under 19 died of smallpox during the epidemic (Lotz, quoted by Edwardes 1902) .
In no section of the community was the value of revaccination more clearly demonstrated during the pandemic than in the nursing and medical staff of smallpox hospitals. According to Seaton not one of the M.A.B. offietials, amounting at one time to over 300, who had been revaccinated before taking up duty contracted the disease. The immunity of the well-vaccinated M.A.B. staff in subsequent epidemics and particularly during the severe epidemic of 1901-2 has always been the rule. Edwardes (1902) has also noted the fact that out of 10,000 employees on the Post Office staff, all permanent members of which have to be vaccinated on joining unless there is evidence of successful vaccination within the last seven years, not one died of smallpox in the 1871-72 epidemic, and there were only ten slight cases.
Many writers have dwelt on the shifting of the incidence and mortality of smallpox from childhood to adult life in the first half of the nineteenth century, the epidemic of 1837-41 being the last to show a preponderating proportion of deaths among infants and yoang children. While, however, it is generallv held that the change in age-incidence is due to a better enforcement of vaccination in early life Creighton attributed it to an epidemiological obsolescence of the disease. This writer, however, appears to ignore the fact that in those countries where vaccination was not compulsory the infantile mortality from smallpox during the pandemic was much higher than in those in which vaccination was more or strictly enforced. This is clearly shown in the following table (Edwardes 1892, 42 In conclusion, it may be stated that there is no evidence that the sanitary conditions in Belgium, Holland and Austria which suffered most from the pandemic 290 191 Proceeding8 of the Royal Society of Medicine 30 were more unfavourable than in the United Kingdom, South Germany or Sweden, which suffered least, whereas the lower smallpox mortality in the last named countries can be readily explained by their better vaccination state.
